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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to active esters 
of carboxy polysaccharides and semisynthetic deriva- 
tives of such carboxy polysaccharides, wherein all or a 
part of the carboxy functions of the polysaccharides are 
esterified with alcohols of the aromatic, heterocyclic ar- 
omatic, or N-hydroxylamine series and, in the case of 
active partial esters, the remaining carboxy functions 
are salified with quaternary ammonium salts or metals. 
The present invention also relates to a method for the 
synthesis of said active esters starting with carboxy 
polysaccharides and their semisynthetic derivatives. 
[0002] The present invention also relates to the use 
of such active esters as intermediates in the synthesis 
of modified carboxy polysaccharides and modified sem- 
isynthetic derivatives of carboxy polysaccharides, the 
modified polysaccharides and modified semisynthetic 
derivatives thereof perse, and the use of such modified 
polysaccharides and semisynthetic derivatives thereof 
to produce health care and surgical articles for use in 
the pharmaceutical and biomedical fields. 

Description of Related Art 

[0003] There are reports in the literature of methods 
for the synthesis and application of active esters for ami- 
no acids which comprise stable intermediates for use in 
the synthesis of peptides (see Fields, C.B. and Noble, 
R.L (1990) Int. J. Peptide Protein Res. 35:161-214; 
Atherton, E. and Sheppard, R.C. (1989) in Solid Phase 
Peptide Synthesis, A Practical Approach , IRL Press, 
Oxford; M. Bodansky (1984) in Principles of Peptide 
Synthesis , Springer-Verlag, Berlin, Heidelberg). Said 
esters result in greater reactivity of the carboxy group in 
nucleophilic substitution reactions as the strongly elec- 
tron-attracting group bound to the carbonyl carbon can 
be easily substituted with a nucleophiie (sulfide, amine, 
alcoholic hydroxyl) to produce thioesters, amides, and 
esters under suitable reaction conditions, i.e., solvents, 
temperature, catalysts, etc. Esters with aromatic, sub- 
stituted aromatic, aromatic heterocyclic, and substituted 
aromatic heterocyclic alcohols, and N-hydroxylamines, 
belong to this class of active esters. 
[0004] International patent application WO-A- 
92/20349 discloses water insoluble biocompatible com- 
positions. The compositions of WO-A-92/20349 are 
made by mixing in a « one-pot » reaction a polyanionic 
polysaccharide, an activating agent, a modifying agent 
and a nucleophiie. The reactions of WO-A-92/20349 are 
done in a single reaction vessel; and because of the re- 
action conditions used, it is not possible to isolate any 
intermediates. 



SUMMARY OF THE INVENTION 

[0005] The present invention provides a novel method 
for producing esters, amides, and thioesters of carboxy 
5 polysaccharides via the formation of active ester inter- 
mediates, and subsequent nucleophilic substitution at 
the carboxyl functions of the polysaccharides. 
[0006] Apart from being used as intermediate prod- 
ucts which are stable and easily stored, due to subse- 
10 quent nucleophiie substituion reactions, the active es- 
ters of carboxy polysaccharides and their semisynthetic 
derivatives can be used as reaction intermediates for 
the preparation of diagnostic kits as surfaces for the ac- 
tivation of proteins. 
*5 [0007] The production method is mainly based upon 
plasma-coating applied between the polymeric surface 
of the support, e.g., polystyrene, and the activated 
polysaccharide with the formation of stable bonds. 
[0008] According to the intended diagnostic use, the 
20 activated polysaccharide-based surface is treated with 
a polypeptide or protein that binds to the polysaccharide 
by a nucleophilic substitution reaction. The treated ma- 
terial can therefore be used (a) to identify biochemical 
targets, such as antibodies or other polypeptides com- 
25 patible with the molecules bound to the hyaluronic acid 
by spectrophotometry or immunological methods (ELI- 
SA), and (b) to coat laboratory equipment and dishes 
for the cultivation and regeneration of cells and tissues. 
[0009] For example, the typical hydrophilic character- 
30 istics of hyaluronic acid, in association with suitable pol- 
ymeric supports, make the active esters with varying de- 
grees of substitution useful in the biomedical field for 
any use which requires the blocking on the surface of 
the support of proteins or peptides which must then be 
35 detected and quantified by spectrophotometry or immu- 
noenzymatic methods. 

[0010] Hyaluronic acid amides are useful for two dis- 
tinct purposes: 

to a) the slow, controlled release of natural hyaluronic 
acid as a result of the greater stability of the amide 
bond compared to the ester bond; and 
b) the controlled release of the substituting group, 
the biological activity of which depends upon its na- 
45 ture. 

[0011] The carboxy polysaccharides and semisyn- 
thetic derivatives thereof employed in the p resent inven- 
tion are all known and described, for example, in U.S. 

50 Patents 4,851,521, 5,122,598, 5,300,493, 5,332,809, 
and 5,336,668; European Patent Application No. 
93917681.4; EP 0 216 453, EP 0 251 905, EP 0 342 
557, EP 0 518 710, EP 0 603 264, and EP 0 605 478; 
and WO 93/061 36 and WO 94/03499. Among these are 

55 glycosaminoglycans, alginic acid, gellan, carboxymeth- 
ylcellulose, carboxymethylchitin, and carboxymethyla- 
mide. Of particular importance among the gly- 
cosaminoglycans is hyaluronic acid. Of the semisyn- 
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thetic derivatives of polysaccharides, salts thereof, es- 
pecially quaternary ammonium salts, are particularly im- 
portant. Other important semisynthetic derivatives use- 
ful in the present invention are the partial esters of car- 
boxy polysaccharides with aliphatic, araliphatic, hetero- 
cyclic and cycloaliphatic alcohols. 
[0012] The methods of synthesis and applications of 
quaternary ammonium salts, in particular tetrabutylam- 
monium salts, and carboxy polysaccharide esters with 
aliphatic, araliphatic, heterocyclic and cycloaliphatic al- 
cohols, are described in the patent publications listed 
supra. 

[0013] The stability and versatility of the present ac- 
tive esters of carboxy polysaccharides make these com- 
pounds useful in the synthesis of a variety of modified 
polysaccharides, in particular amide derivatives of such 
polysaccharides. Among such polysaccharide deriva- 
tives, those obtained by reaction of active esters with 
primary amines, amino acids, peptides, and proteins are 
particularly important. 

[001 4] Accordingly, it is an object of the present inven- 
tion to provide an active ester of a carboxy polysaccha- 
ride or a semisynthetic derivative of a carboxy polysac- 
charide, wherein all or part of the carboxy groups thereof 
are esterified with an alcohol selected from the group 
consisting of an aromatic alcohol, a substituted aromatic 
alcohol, an aromatic heterocyclic alcohol, a substituted 
aromatic heterocyclic alcohol, an N-hydroxylamine, and 
a combination thereof, wherein when only part of the 
carboxy groups of said carboxy polysaccharide or said 
semisynthetic derivative of said carboxy polysaccharide 
are esterified, the remaining carboxy groups are salified 
with a member selected from the group consisting of a 
quaternary ammonium salt, an alkaline metal, an alka- 
line earth metal, and a combination thereof. 
[0015] Another object of the present invention is to 
provide a process for producing an active ester as de- 
scribed above, comprising reacting a tetraalkylammoni- 
um salt of a carboxy polysaccharide or a semisynthetic 
derivative of a carboxy polysaccharide with a reactive 
derivative of an alcohol to be bound to the carboxyl 
groups thereof in an aprotic solvent at a temperature of 
between about 0 and about 60°C. 
[0016] Another object of the present invention is the 
use of such active esters for the preparation of a modi- 
fied carboxy polysaccharide or a modified semisynthetic 
derivative of a carboxy polysaccharide, wherein said 
modified carboxy polysaccharide or said modified sem- 
isynthetic derivative of a carboxy polysaccharide is an 
ester, thioester, or amide. 

[0017] A further object of the present invention is a 
modified carboxy polysaccharide, or a modified semi- 
synthetic derivative of a carboxy polysaccharide, pre- 
pared from such active esters. 
[0018] A still further object of the present invention is 
the use of such active esters, modified polysaccharides, 
and modified semisynthetic derivatives of such polysac- 
charides in the biomedical and pharmaceutical fields to 



prepare, for example, cosmetic articles, health care ar- 
ticles, surgical articles, and diagnostic kits. 
[001 9] Further scope of the applicability of the present 
invention will become adpparent from the detailed de- 

5 scription provided below. It should be understood, how- 
ever, that the following detailed description and specific 
examples, while indicating preferred embodiments of 
the present invention, are given by way of illustration 
only since various changes and modifications within the 

10 spirit and scope of the present invention will become ap- 
parent to those skilled in the art from this detailed de- 
scription. 

DETAILED DESCRIPTION OF THE INVENTION 

15 

[0020] The following detailed description of the 
present invention is provided to aid those skilled in the 
art in practicing the same. Even so, the following de- 
tailed description should not be construed to unduly limit 

20 the present invention, as modifications and variations in 
the embodiments discussed herein may be made by 
those of ordinary skill in the art without departing from 
the spirit or scope of the present inventive discovery. 
The contents of each of the references disc ussed herein 

25 are herein incorporated by reference in their entirety 

Alcohols Useful In Preparing Active Carboxy 
Polysaccharide Esters 

30 [0021] The active esters of carboxy polysaccharides 
and semisynthetic derivatives thereof of the present in- 
vention are those with alcohols of the aromatic, substi- 
tuted aromatic, aromatic heterocyclic, substituted aro- 
matic heterocyclic, and N-hydroxyl amine type. 

35 [0022] These alcohols include, but are not limited to: 

pentafluorophenol, 
pentachlorophenol, 
trichlorophenol, 
40 p-nitrophenol, 2,4-dinitrophenol, 

2- hydroxypyridine, 3-hydroxypyridine, 
3,4-dihydro-4-oxobenzotriazine-3-ol, 
4-hydroxy-2,5-diphenyl-3(2H)-thiophenone-1 , 1 -di- 
oxide, 

45 3-phenyl-1 -(p-nitrophenyl)-2-pyrazoline-5-one, 

3- methyl-1-(p-nitrophenyl)-2-pyrazoline-5-one, 
N-hydroxysuccinimide, and 
N-hydroxyphthalimide. 

50 Esters 

[0023] The most interesting of the esters that can be 
obtained include the p-nitrophenyl ester, the pentafluor- 
ophenyl ester, the 4-dihydro-4-oxobenzotriazine-3-yl 
55 ester, and the N-succinimidyl ester. 

[0024] The active esters can be total, i.e., all the car- 
boxy functions of the polysaccharide are employed in 
the formation of the active ester, or partial, i.e., only part 
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of the carboxy functions are involved in the formation of 
the active ester. 

[0025] In the case of partial active esters, the carboxy 
functions not involved in the formation of the active ester 
are in the form of a salt, in particular the tetrabutylam- 
monium salt. Formation of active esters of semisynthetic 
derivatives of carboxy polysaccharides involves reac- 
tion at the carboxyl groups not already covalently bound 
therein. 

Carboxy Polysaccharides 

[0026] The carboxy polysaccharides that can be em- 
ployed as substrates for the synthesis of active esters 
are those already known and described, including nat- 
urally occurring polysaccharides of animal or vegetable 
origin, and semisynthetic derivatives thereof. Particular- 
ly useful carboxy polysaccharides include, but are not 
limited to, glycosaminoglycans, e.g., hyaluronic acid, as 
well asalginicacid, gellan, carboxymethylcellulose, car- 
boxymethylchitin, and carboxymethyl amide. 
[0027] Of the semisynthetic derivatives, carboxy 
polysaccharide salts, in particular quaternary ammoni- 
um salts such as tetraalkyl ammonium salts, for exam- 
ple, tetrabutylammonium salt, is preferred. 
[0028] As semisynthetic carboxy polysaccharide 
starting materials, it is also possible to use partial esters 
of said polysaccharides, in particular esters with alco- 
hols of the aliphatic, araliphatic, cycioaliphatic, and het- 
erocyclic series. Of these, the partial esters with aliphat- 
ic alcohols having between 2 and 34 carbon atoms, in 
particular ethanol, and partial esters with alcohols of the 
araliphatic series, in particular benzyl alcohol, are pre- 
ferred. The partial esters of hyaluronic acid known as 
HYAFF, described in U.S. Patents 4,851,521, 
4,965,353, and 5,202,431, typify such partial esters. 
[0029] Surprisingly, active esters of carboxy polysac- 
charides and their semisynthetic derivatives have been 
obtained without any undesired side reactions, such as 
the formation of intra- and inter-chain bridges, which 
lead to the phenomenon known as auto-crosslinking. 

Reaction Conditions 

[0030] The formation reaction of the active esters 
starting from carboxy polysaccharides or semisynthetic 
derivatives thereof, wherein all or part of the carboxy 
functions are salified with a tetraalkylammonium salt, 
occurs by first-order kinetics. 

[0031] Activation of the carbonyl residues is achieved 
by classic stoichiometric methods, and the percentage 
of active ester formed depends upon the quantity (in 
mEq) of alcohol or N-hydroxylamine added to the car- 
boxy polysaccharide tetrabutylammonium salt. Temper- 
ature does not seem to be a significant determinant fac- 
tor in the esterification yield. 

[0032] The reaction is conducted by adding the ester- 
ification reagent to a solution of the carboxy polysaccha- 



ride which is in the form of a tetraalkylammonium, e.g., 
tetrabutylammonium, salt, or to a solution of the partial 
carboxy polysaccharide ester, in which case the remain- 
ing carboxy functions are in the form of tetraalkyl, e.g., 

s tetrabutylammonium, salts, in an aprotic solvent such 
as dimethylsulfoxide, N-methylpyrrolidone, or N,N'- 
dimethylformamide. The reaction temperature can be in 
the range of from about 0°C to about 60°C, preferably 
about 25°C to about 40°C, depending upon the reagent 

10 used. 

Reactive Derivatives 

[0033] The reactive derivatives that can be used for 
is the synthesis of the active esters are aryl trifluoroace- 
tates, such as p-nitrophenyl trifluoroacetate and pen- 
tafluorophenyl trifluoroacetate; aryl phosphites; aryl 
sulfites, such as di-penta-fluorophenyl sulfite; carbon- 
ates, such as di-(N-succinimidyl)carbonate and 
20 4,6-diphenylthiene-[3,4-d]-1 ,3-dioxol-2-one 5,5-dioxide 
(TDO carbonate, or Steglich's reagent). 

New Carboxy Polysaccharide Derivatives Derived 
From Active Esters 

25 

[0034] The resulting active carboxy polyssacharide 
esters can be advantageously employed in the synthe- 
sis of new carboxy polysaccharide derivatives as these 
active esters exhibit high reactivity in nucleophilic sub- 
30 stitution reactions at the carbonyl carbons of activated 
carboxyl groups. 

Nucleophiles 

35 [0035] Nucleophiles that can be used in such reac- 
tions include, but are not limited to, primary amines, ami- 
no acids, peptides, proteins, mercaptans, and alcohols. 
[0036] Useful primary amines include aliphatic 
amines, araliphatic amines, and substituted derivatives 

40 of said amines, such as aliphatic amines containing alkyl 
chains substituted with halogen atoms, in particular per- 
fluoroamines. 

[0037] Among the useful primary amines are ethyl- 
amine, n-propylamine, isopropylamine, N-butylamine, 
45 N-heptylamine, benzylamine, N-ethyl arninobenzene, 
benzedrine, benzocaine, and N-pentylamine. 
[0038] The amino acids that can be employed include 
all known amino acids, and the same is true of peptides 
and proteins. 

50 [0039] Among the amino acids that can be particularly 
mentioned are phenylalanine, glycine, serine, leucine, 
tryptophan, aspartic acid, arginine, and serine benzyl 
ester. 

[0040] Among the polypeptides are Phe -Val-Glu-Tyr- 
55 Leu, Gly-Arg-Gly-Asp-Ser-Tyr, Gly-Arg-Gly-Asp-Val- 
Tyr, and Gly-Arg-Gly-Glu-Ser-Tyr. 
[0041] Among the proteins are albumin and calciton- 
in. 
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[0042] Among the mercaptans are thioethane, thio- 
furan, thiophenol, thioanisol, thioglycerol, and 5-thioglu- 
cose. 

[0043] Useful alcohols include those disclosed in U. 
S. Patents 4,851 ,521 , 4,965,353, and 5,202,431 . These 
patents also disclose other primary amines, amino ac- 
ids, peptides, proteins, and mercaptans useful in the 
present invention. 

[0044] Properties of the active esters of carboxy 
polysaccharides and their semisynthetic derivatives that 
are extremely useful include their high reactivity and se- 
lectivity with respect to amines compared to that with 
alcohols and mercaptans in nucleophilic substitution re- 
actions. This leads to a significant decrease in undesir- 
able secondary reactions in the synthesis of new, mod- 
ified polysaccharides, which occur, for example, when 
condensing agents such as dicyclohexylcarbodiimide, 
N-hydroxy-benzotriazol, etc., are employed, or due to 
the presence of functional groups such as amino or hy- 
droxy groups, for example. 

[0045] The new modified polysaccharides produced 
from active esters of the present invention can be used 
in the preparation of health care and surgical articles for 
internal or external use, such as microcapsules, micro- 
spheres, threads, films, gauzes, sponges, etc., as de- 
scribed in U.S. Patents 4,853,521, 4,965,353, and 
5,202,431. These can be advantageously employed in 
the biomedical and pharmaceutical fields such as, for 
example, in the areas of wound care, tissue healing and 
repair, prevention of tissue adhesion, and in controlled- 
release systems for biologically active substances such 
as amino acids, peptides, and proteins. 
[0046] While the Examples presented below describe 
the formation of various derivatives of hyaluronic acid, 
the same methods can be employed with the other car- 
boxy polysaccharides of the present invention, such as 
alginic acid, gellan, carboxymethylcellulose, car- 
boxymethylchitin, carboxymethylamide, etc. 

Example 1 

Preparation of a pentafluorophenyl partial ester of 
hyaluronic acid tetrabutylammonium salt -5% of the 
carboxy groups are involved in the formation of the 
active ester-95% of the carboxy groups are in the 
form of tetrabutylammonium salt 

[0047] 6.2 grams of hyaluronic acid tetrabutylammo- 
nium salt with a molecular weight of 180,000 Daltons, 
corresponding to 10 mEq of a monomeric unit, are sol- 
ubilized in 310 ml of N-methylpyrrolidone at 25°C. This 
solution is shaken while 0.040 ml of pyridine (0.5 mEq) 
are added, followed by 0.088 ml of pentafluorophenyl 
trifluoroacetate (0.5 mEq). The reaction mixture is shak- 
en at 25°C for 1 hour, after which the product is precip- 
itated by the addition of 2 liters of ethyl acetate. The pre- 
cipitate is filtered and washed twice with 500 ml of ethyl 
acetate, and then vacuum-dried for 24 hours at 30°C. 



[0048] 6.15 grams of product with the desired titer are 
thus obtained. Quantitative analysis of the percentage 
of esterification was performed by gas chromatography 
to determine the pentafluorophenol content after alka- 
s line hydrolysis of the ester. 

Example 2 

Preparation of a pentafluorophenyl partial ester of 
10 hyaluronic acid tetrabutylammonium salt -10% of 
the carboxy groups are involved in the formation of 
the active ester-90% of the carboxy groups are in 
the form of tetrabutylammonium salt 

75 [0049] 6.2 grams of hyaluronic acid tetrabutylammo- 
nium salt with a molecular weight of 160,000 Daltons, 
corresponding to 10 mEq of a monomeric unit, are sol- 
ubilized in 310 ml of N-methylpyrrolidone at 25°C. This 
solution is shaken while 0.080 ml of pyridine (1 mEq) 

20 and then 0.1 76 ml of pentafluorophenyl trifluoroacetate 
(1 mEq) are added to it. The reaction mixture is shaken 
at 25°C for 1 hour, after which the product is precipitated 
by the addition of 2 liters of ethyl acetate. The precipitate 
is filtered and washed twice with 500 ml of ethyl acetate, 

25 and then vacuum-dried for 24 hours at 30°C. 

[0050] 6. 1 2 grams of the product with the desired titer 
are obtained. Quantitative analysis of the percentage of 
esterification was performed by gas chromatography to 
determine the pentafluorophenol content after alkaline 

30 hydrolysis of the ester. 

Example 3 

Preparation of a pentafluorophenyl partial ester of 
35 hyaluronic acid tetrabutylammonium salt -25% of 
the carboxy groups are involved in the formation of 
the active ester-75% of the carboxy groups are in 
the form of tetrabutylammonium salt 

40 [0051] 6.2 grams of hyaluronic acid tetrabutylammo- 
nium salt with a molecular weight of 120,000 Daltons, 
corresponding to 10 mEq of a monomeric unit, are sol- 
ubilized in 310 ml of N-methylpyrrolidone at 25°C. This 
solution is shaken while 0.200 ml of pyridine (2.5 mEq) 

45 and then 0.440 ml of pentafluorophenyl trifluoroacetate 
(2.5 mEq) are added to it. The reaction mixture is shaken 
at 25°C for 1 hour, after which the product is precipitated 
by the addition of 2 liters of ethyl acetate. The precipitate 
is filtered and washed twice with 500 ml of ethyl acetate, 

50 and then vacuum-dried for 24 hours at 30° C. 

[0052] 6.01 gr of the product with the desired titer are 
thus obtained. Quantitative analysis of the percentage 
of esterification was performed by gas chromatography 
to determine the pentafluorophenol content after alka- 

55 line hydrolysis of the ester. 
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Example 4 

Preparation of a pentafiuorophenyl partial ester of 
hyaluronic acid tetrabutylammonlum salt -50% of 
the carboxy groups are Involved in the formation of 
the active ester-50% of the carboxy groups are in 
the form of tetrabutylammonium salt 

[0053] 6.2 grams of hyaluronic acid tetrabutylammo- 
nium salt with a molecular weight of 80,000 Daltons, cor- 
responding to 10 mEq of a monomeric unit, are solubi- 
lized in 310 ml of N-methylpyrrolidone at 25°C. This so- 
lution is shaken while 0.400 ml of pyridine (5 mEq) and 
then 0.880 ml of pentafluoophenyl trifluoroacetate (5 
mEq) are added to it. The reaction mixture is shaken at 
25°C for 1 hour, after which the product is precipitated 
by the addition of 2 liters of ethyl acetate. The precipitate 
is filtered and washed twice with 500 ml of ethyl acetate, 
and then vacuum-dried for 24 hours at 30°C. 
[0054] 5.82 grams of the product with the desired titer 
are obtained. Quantitative analysis of the percentage of 
esterification was performed by gas chromatography to 
determine the pentafluorophenol content after alkaline 
hydrolysis of the ester. 

Example 5 ~- 

Preparation of a pentafiuorophenyl partial ester of 
hyaluronic acid tetrabutylammonium salt -75% of 
the carboxy groups are involved in the formation of 
the active ester-25% of the carboxy groups are in 
the form of tetrabutylammonium salt 

[0055] 6.2 grams of hyaluronic acid tetrabutylammo- 
nium salt with a molecular weight of 400,000 Daltons, 
corresponding to 10 mEq of a monomeric unit, are sol- 
ubilized in 310 ml of N-methylpyrrolidone at 25°C. This 
solution is shaken while 0.600 ml of pyridine (7.5 mEq) 
and then 1.32 ml of pentafiuorophenyl trifluoroacetate 
(7.5 mEq) are added to it. The reaction mixture is shaken 
at 25°C for 1 hour, after which the product is precipitated 
by the addition of 2 liters of ethyl acetate. The precipitate 
is filtered and washed twice with 500 ml of ethyl acetate, 
and then vacuum-dried for 24 hours at 30°C. 
[0056] 5.62 grams of the product with the desired titer 
are obtained. Quantitative analysis of the percentage of 
esterification was performed by gas chromatography to 
determine the pentafluorophenol content after alkaline 
hydrolysis of the ester. 

Example 6 

Preparation of the pentafiuorophenyl total ester of 
hyaluronic acid - 100% of the carboxy groups are 
involved in the formation of the active ester 

[0057] 6.2 grams of hyaluronic acid tetrabutylammo- 
nium salt with a molecular weight of 180,000 Daltons, 



corresponding to 10 mEq of a monomeric unit, are sol- 
ubilized in 310 ml of N-methylpyrrolidone at 25°C. This 
solution is shaken while 0.800 ml of pyridine (10 mEq) 
and then 1,760 ml of pentafiuorophenyl trifluoroacetate 
s (10 mEq) are added to it. The reaction mixture is shaken 
at 25°C for 1 hour, after which the product is precipitated 
by the addition of 2 liters of ethyl acetate. The precipitate 
is filtered and washed twice with 500 ml of ethyl acetate, 
and then vacuum-dried for 24 hours at 30°C. 
[0058] 5.44 grams of the product with the desired titer 
are obtained. Quantitative analysis of the percentage of 
esterification was performed by gas chromatography to 
determine the pentafluorophenol content after alkaline 
hydrolysis of the ester. 

Example 7 

Preparation of a 4-nitrophenyl partial ester of 
hyaluronic acid tetrabutylammonium salt -25% of 
the carboxy groups are involved in the formation of 
the active ester-75% of the carboxy groups are in 
the form of tetrabutylammonium salt 

[0059] 6.2 grams of hyaluronic acid tetrabutylammo- 
nium salt with a molecular weight of 120,000 Daltons, 
corresponding to 10 mEq of a monomeric unit, are sol- 
ubilized in 310 ml of dimethylsulfoxide at 25°C. This so- 
lution is shaken while 0.200 ml of pyridine (2.5 mEq) and 
then 0.59 ml of 4-nitrophenyl trifluoroacetate solubilized 
in 1 ml of dimethylsulfoxide (2.5 mEq) are added to it. 
The reaction mixture is shaken at 25°C for 1 hour, after 
which the product is precipitated by the addition of 2 lit- 
ers of ethyl acetate. The precipitate is filtered and 
washed twice with 500 ml of ethyl acetate, and then vac- 
uum-dried for 24 hours at 30°C. 
[0060] 5.8 grams of the product with the desired titer 
are thus obtained. Quantitative analysis of the percent- 
age of esterification was performed by liquid chroma- 
tography to determine the 4-nitrophenol content after al- 
kaline hydrolysis of the ester. 

Example 8 

Preparation of a partial ester of hyaluronic acid 



2,5-diphenvl-3(2HHhlophenone-1,1 -dioxide -50% 
of the carboxy groups are involved in the formation 
of the active ester - 50% of the carboxy groups are 
in the form of tetrabutylammonium salt 

[0061] 6.2 grams of hyaluronic acid tetrabutylammo- 
nium salt with a molecular weight of 800,000 Daltons, 
corresponding to 10 mEq of a monomeric unit, are sol- 
ubilized in 310 ml of N-methylsulfoxide at 25°C. This so- 
lution is shaken while 1 .63 grams of 4,6-diphenylthiene- 
[3,4-d]-1 ,3-dioxol-2-one5,5-dioxide (Steglich's reagent) 
solubilized in 5 ml of dimethylsulfoxide (5 mEq) are add- 
ed to it. The reaction mixture is shaken at 25°C for 30 
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minutes, after which the product is precipitated by the 
addition ot 2 liters of ethyl acetate. The precipitate is fil- 
tered and washed twice with 500 ml of ethyl acetate, 
and then vacuum-dried for 24 hours at 30°C. 
[0062] 6.39 grams of the product with the desired titer 
are thus obtained. Quantitative analysis of the percent- 
age of esterification was performed by liquid chroma- 
tography to determine the 

4-hydroxy-2,5-diphenyl-3(2H)-thiophenone-1 , 1 -diox- 
ide content after alkaline hydrolysis of the ester. 

Example 9 

Preparation of a pentafluorophenyl partial ester of 
alqinic acid tetrabutylammonium salt -20% of the 
carboxy groups are involved in the formation of the 
active ester - 80% of the carboxy groups are in the 
form of tetrabutylammonium salt 

[0063] 4. 1 7 grams of alginic acid tetrabutylammonium 
salt with a molecular weight of 100,000 Daltons, corre- 
sponding to 1 0 mEq of a monomeric unit, are solubilized 
in 210 ml of N-methylpyrrolidone at 25°C. This solution 
is shaken while 0.160 ml of pyridine (2 mEq) and then 
0.352 ml of pentafluorophenyl trifluoroacetate (2 mEq) 
are added to it. The reaction mixture is shaken at 25°C 
for 1 hour, after which the product is precipitated by the 
addition of 2 liters of ethyl acetate. The precipitate is fil- 
tered and washed twice with 500 ml of ethyl acetate, 
and then vacuum-dried for 24 hours at 30°C. 
<[0064] 4.04 grams of the product with the desired titer 
are thus obtained. Quantitative analysis of the percent- 
age of esterification was performed by gas chromatog- 
raphy to determine the pentafluorophenol content after 
alkaline hydrolysis of the ester. 

Example 10 
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thus obtained. Quantitative analysis of the percentage 
of esterification was performed by gas chromatography 
to determine the pentafluorophenol content after alka- 
line hydrolysis of the ester. 

5 

Example 11 

Preparation of a pentafluorophenyl ester of HYAFF 
11p75 (75% benzyl ester of hyaluronic acid) 

10 tetrabutylammonium salt - 25% of the carboxy 
groups are Involved in the formation of the active 
ester-75% of the carboxy groups are esterif led with 
benzyl alcohol 

15 [0067] 5.07 grams of HYAFF Ilp75 tetrabutylammoni- 
um salt with a molecular weight of 1 20,000 Daltons, cor- 
responding to 10 mEq of a monomeric unit, are solubi- 
lized in 260 ml of N-methylpyrrolidone at 25°C. This so- 
lution is shaken while 0.200 ml of pyridine (2.5 mEq) and 

20 then 0.440 ml of pentafluorophenyl trifluoroacetate (2.5 
mEq) are added to it. The reaction mixture is shaken at 
25°C for 1 hour, after which the product is precipitated 
by the addition of 2 liters of ethyl acetate. The precipitate 
is filtered and washed twice with 500 ml of ethyl acetate, 

25 and then vacuum-dried for 24 hours at 30°C. 

[0068] 4.8 grams of the product with the desired titer— 
are thus obtained. Quantitative analysis of the percent- 
age of esterification was performed by gas chromatog- 
raphy to determine the pentafluorophenol content after 

30 alkaline hydrolysis of the ester. 

Example 12 

Preparation of the N-ethyl partial amide of 
35 hyaluronic acid sodium salt -10% of the carboxy 
functions are transformed into N-ethyl amides-90% 
of the carboxy functions are salified with sodium 



Preparation of a pentafluorophenyl partial ester of 
HYAFF 7p50 (50% ethyl ester of hyaluronic acid) 
tetrabutylammonium salt - 25% of the carboxy 
groups are involved in the formation of the active 
ester - 50% of the carboxy groups are esterif ied with 
ethanol - 25% of the carboxy groups are in the form 
of tetrabutylammonium salt 

[0065] 5.2 grams of HYAFF 7p50 tetrabutylammoni- 
um salt with a molecular weight of 1 70,000 Daltons, cor- 
responding to 10 mEq of a monomeric unit, are solubi- 
lized in 260 ml of N-methylpyrrolidone at 25°C. This so- 
lution is shaken while 0.200 ml of pyridine (2.5 mEq) and 
then 0.440 ml of pentafluorophenyl trifluoroacetate (2.5 
mEq) are added to it. The reaction mixture is shaken at 
25°C for 1 hour, after which the product is precipitated 
by the addition of 2 liters of ethyl acetate. The precipitate 
is filtered and washed twice with 500 ml of ethyl acetate, 
and then vacuum-dried for 24 hours at 30°C. 
[0066] 5 grams of the product with the desired titer are 



[0069] 6. 1 3 grams of the active ester obtained accord- 
ing to Example 2, corresponding to 10 mEq of a mono- 
meric unit, are solubilized in 305 ml of N-methylpyrro- 
lidone at 25°C. This solution is shaken while 66 \i\ of 
ethylamine (1 mEq) are added to it. The reaction mixture 
is shaken for 2 hours, after which 00 ml of a 2% solution 
of sodium chloride in deionized water are added to it. 
The addition of 800 ml of acetone to this reaction mixture 
causes the formation of a precipitate which is filtered 
and washed three times with 100 ml of acetone/water 
5:1, three times with 100 ml of acetone, and which is 
lastly vacuum-dried for 24 hours at 30°C. 4.0 grams of 
the desired product are thus obtained. Quantitative 
analysis of the amide groups was performed to deter- 
mine the ethylamine content after alkaline hydrolysis. 

Example 1 3 

Preparation of the partial N-benzvl amide of 
hyaluronic acid sodium salt -50% of the carboxy 
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functions are transformed into N-benzyl amides- 
50% of the carboxy functions are salified with 
sodium 

[0070] 5. 83 grams of the active ester obtained accord- s 
ing to Example 4, corresponding to 1 0 mEq of a mono- 
meric unit, are solubilized in 290 ml of N-methylpyrro- 
lidone at 25°C. This solution is shaken while 5.46 ml of 
benzylamine (5 mEq) are added to it. The reaction mix- 
ture is shaken for 2 hours, after which 100 ml of a 2% 10 
solution of sodium chloride in deionized water are added 
to it. The addition of 800 ml of acetone to this reaction 
mixture causes the formation of a precipitate which is 
filtered and washed three times with 100 ml of acetone/ 
water 5: 1 , three times with 1 00 ml of acetone, and which f5 
is lastly vacuum-dried for 24 hours at 30°C. 
[0071] 4.3 grams of the desired product are thus ob- 
tained. Quantitative analysis of the amide groups was 
performed to determine the benzylamine content after 
alkaline hydrolysis. 20 

Exampie 14 

Synthesis of an amide derivative of hyaluronic acid 
with arqinine - 100% of the carboxy functions are 25 
transformed into amides of hyaluronic acid with 
arqinine 

[0072] 5.45 grams of the active ester obtained accord- 
ing to Example 6, corresponding to 1 0 mEq of a mono- 30 
meric unit, are solubilized in 270 ml of N-methyl pyrro- 
lidone at 25°C. This solution is shaken while 1 .74 gr of 
D-arginine (1 0 mEq) solubilized in 1 0 ml of N-methyl pyr- 
rolidone are added to, It. This solution is shaken for 2 
hours, after which 800 ml of acetone are added to it. 35 
This causes the formation of a precipitate which is fil- 
tered, washed three times with 100 ml of acetone, and 
then vacuum dried for 24 hours at 30°C. 
[0073] 5.35 grams of the desired product are thus ob- 
tained. Quantitative analysis of the amide groups is per- 40 
formed to determine the arginine content after acid hy- 
drolysis in 6N hydrochloric acid (amino acid analysis). 

Example 15 

45 

Synthesis of a derivative of HYAFF 7p50 (50% ethvi 
ester of hyaluronic acid) containing a peptide 
having the sequence H--Arg-Gly-Asp-OH -50% of 
the carboxy functions are esterified with ethanol - 
25% of the carboxy functions are transformed into so 
amides of hyaluronic acid with the peptide-25% of 
the carboxy functions are salified with sodium 

[0074] The tripeptide known as RGD (arginine-gly- 
cine-aspartic acid) is the minimal cell-recognizable se- 55 
quence in many adhesive plasma and extracellular ma- 
trix proteins. For example, the RGD tripeptide sequence 
has been found in vitronectin, fibronectin, von Wille- 



brand factor, fibrinogen and collagens, and this tripep- 
tide has been shown to play a crucial role in mediating 
cell attachment and subsequent cell spreading. 
[0075] RGD-containing peptides are therefore of in- 
terest in the development of novel biomaterials that may 
improve long-term endothelial cell attachment and 
growth. 

[0076] 4.95 grams of the active ester obtained accord- 
ing to Example 10, corresponding to 10 mEq of a mon- 
omeric unit, are solubilized in 250 ml of N-methyl pyrro- 
lidone at 25°C. This solution is shaken while 1 .08 gr of 
a peptide having the sequence H-Arg-Gly-Asp-OH (2.5 
mEq) solubilized in 10 ml of N-methyl pyrrolidone are 
added to it. This solution is shaken for 2 hours, after 
which 100 ml of a 2% solution of sodium chloride in 
deionized water are added to it. The addition of 800 ml 
of acetone to this reaction mixture causes the formation 
of a precipitate which is filtered, washed three times with 
100 ml of acetone/water 5:1 , three times with 100 ml of 
acetone, and which is then vacuum-dried for 24 hours 
at 30°C. 

[0077] 4.8 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed analysing the amino acid content. 

Example 16 <= 

Synthesis of a derivative of HYAFF 11p75 (75% 
benzyl ester of hyaluronic acid) containing a 
peptide having the sequence H-Gly-Pro-Arg-OH - 
75% of the carboxy functions are esterified with 
benzyl alcohol - 25% of the carboxy functions are 
transformed into amides of hyaluronic acid with the 
peptide 

[0078] 4.8 grams of the active ester obtained accord- 
ing to Example 11 , corresponding to 10 mEq of a mon- 
omeric unit, are solubilized in 240 ml of N-methyl pyrro- 
lidone at 25°C. This solution is shaken while 0.82 grams 
of the peptide having the sequence H-Gly-Pro-Arg-OH 
(2.5 mEq) solubilized in 5 ml of N-methyl pyrrolidone are 
added to it. This solution is shaken for 2 hours, after 
which 100 ml of a 2% solution of sodium chloride in 
deionized water are added to it. The addition of 800 ml 
of acetone to this reaction mixture causes the formation 
of a precipitate which is filtered, washed three times with 
100 ml of acetone/water 5:1 , three times with 100 ml of 
acetone, and which is then vacuum-dried for 24 hours 
at 30°C. 

[0079] 5.2 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed analysing the amino acid content. 

Example 17 

Preparation of a spongy material made with the 
HYAFF 7p50 (50% ethyl ester of hyaluronic acid) 



15 



EP 0 749 446 B1 



16 



containing a peptide having the sequence H-Arg- 
Gly-Asp-OH 

[0080] 4 grams of the derivative of HYAFF 7p50 con- 
taining a peptide having the sequence H-Arg-Gly-Asp- 
OH (described in Example 15) are solubilized in 120 ml 
of dimethylsulfoxide. The solution is filtered and poured 
onto a 3 x 4 cm steel dish. The dish is placed in a con- 
trolled environment at 25°C saturated with water va- 
pour, which acts as a coagulant. A gelatinous slab is 
thus obtained which is cut into pieces measuring 1 x 1 
cm. 

[0081] These pieces are immersed in 2 liters of a 5% 
aqueous solution of NaCI. This material is f reeze-dried, 
producing a spongy material which is then washed three 
times with 1 liter of distilled water to eliminate the sodium 
chloride incorporated in it. Pieces of spongy material 
measuring 0.9 x 0.9 cm and 4 mm thick are thus ob- 
tained. 

Example 18 

Preparation of microspheres produced from HYAFF 
11p75 (75% benzyl ester of hyaluronic acid) 
containing a peptide having the sequence H-Gly- 
Pro-Arq-OH, describectin Example 16 

[0082] The derivative of HYAFF 1 1 p75 containing the 
peptide having the sequence H-Gly-Pro-Arg-OH, de- 
scribed in Example 1 6, is solubilized in 50 ml of dimeth- 
ylsulfoxide at a concentration of 7% (w/v) . 800 ml of a 
mixture of highly viscous mineral oil containing ARLA- 
CEL, a non-ionic surfactant, at a concentration of 1% 
(w/v), is prepared separately. The latter mixture is shak- 
en while the HYAFF Ilp75 peptide derivative-containing 
solution is added to it. An emulsion is formed, to which 
2.5 liters of ethyl acetate are added. The ethyl acetate 
mixes with the emulsion phase, but the peptide deriva- 
tive is insoluble in it. The suspension thus obtained is 
filtered, and the resulting microspheres are washed with 
6 liters of N-hexane. The mean particle size of the mi- 
crospheres is 15 um 

Example 19 

Preparation of the partial N-propyl amide of 
hyaluronic acid sodium salt - 50% of the carboxy 
functions are transformed into N-propyl amide - 
50% of the carboxy functions are salified with 
sodium 

[0083] 5.83 grams of the active ester obtained as in 
Example 4 corresponding to 10 mEq of a monomeric 
unit are solubilized in 290 ml of N-methylpyrrolidone at 
25° C. To this solution are added, while stirring, 0.41 ml 
of N-propylamine (5 mEq). The mixture is stirred for 2 
hours and then 100 ml of a 2% solution of sodium chlo- 
ride in deionized water are added. The addition to this 



reaction mixture of 800 ml of acetone causes the forma- 
tion of a precipitate, which is filtered and washed three 
times with 100 ml of acetone and then vacuum-dried for 
24 hours at 30°C. 
5 [0084] 4.2 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed by analysing the N-propylamine content af- 
ter alkaline hydrolysis. 

10 Example 20 

Preparation of an amide derivative of hyaluronic 
acid with glycine - 50% of the carboxy functions are 
transformed into glvclnamides - 50% of the carboxy 
is functions are salified with sodium 

[0085] 5.83 grams of the active ester obtained as in 
Example 4 corresponding to 10 mEq of a monomeric 
unit are solubilized in 290 ml of N-methylpyrrolidone at 

20 25°C. To this solution are added, with stirring, 0.375 
grams of glycine. The mixture is stirred for 2 hours and 
then 100 ml of a 2% solution of sodium chloride in deion- 
ized water are added. The addition to this reaction mix- 
ture of 800 ml of acetone causes the formation of a pre- 

2S cipitate, which is filtered and washed three times with 
100 ml of acetone and then vacuum-dried for 24 hours 
at 30 ft C. 

[0086] 4.3 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
30 is performed by analysing the glycine content after acid 
hydrolysis in 6N hydrochloric acid (amino acid analysis). 



Example 21 

35 

Preparation of an amide derivative of hyaluronic 
acid with lysine - 1 00% of the carboxy functions are 
transformed into hyaluronic acid amides with lysine 

40 [0087] 5.45 grams of the active ester obtained as in 
Example 6 corresponding to 10 mEq of a monomeric 
unit are solubilized in 270 ml of N-methylpyrrolidone at 
25°C. To this solution are added, with stirring, 1.46 
grams of lysine. The mixture is stirred for 2 hours and 

45 then 1 00 ml of a 2% solution of sodium chloride in deion- 
ized water are added. The addition to this reaction mix- 
ture of 800 ml of acetone causes the formation of a pre- 
cipitate, which is filtered and washed three times with 
100 ml of acetone and then vacuum-dried for 24 hours 

50 a t30°C. 

[0088] 5.0 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed by analysing the lysine content after acid 
hydrolysis in 6N hydrochloric acid (amino acid analysis). 

55 
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Example 22 

Preparation of an amide derivative of hyaluronic 
acid with serine benzyl ester - 10% of the carboxy 
functions are transformed into hyaluronic acid 
amides with serine benzyl ester - 90% of the carboxy 
functions are sallfied with sodium 

[0089] 6.13 grams of the active ester obtained as in 
Example 2 corresponding to 10 mEq of a monomeric 
unit are solubilized in 305 ml of N-methylpyrrolidone at 
25°C. To this solution are added, with stirring, 0.194 
grams of serine benzyl ester. The mixture is stirred for 
2 hours and then 1 00 ml of a 2% solution of sodium chlo- 
ride in deionized water are added. The addition to this 
reaction mixture of 800 ml of acetone causes the forma- 
tion of a precipitate, which is filtered and washed three 
times with 1 00 ml of acetone and then vacuum-dried for 
24 hours at 30°C. 

[0090] 4.5 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed by analysing the serine content after acid 
hydrolysis in 6N hydrochloric acid (amino acid analysis). 

Example 23 

Synthesis of a peptide derivative of hyaluronic acid 
containing a peptide having the sequence Phe-Val- 
Glu-Tyr-Leu - 50% of the carboxy functions are 
tranformed into amides of hyaluronic acid with the 
peptide - 50% of the carboxy functions are saltfied 
with sodium 

[0091] 5.83 grams of the active ester obtained as in 
Example 2 corresponding to 10 mEq of a monomeric 
unit are solubilized in 290 ml of N-methylpyrrolidone at 
25°C. To this solution are added, with stirring, 3.46 
grams of a peptide having the sequence Phe-Val-Glu- 
Tyr-Leu (5 mEq) solubilized in 20 ml of N-methylpyrro- 
lidone. The mixture is stirred for 2 hours and then 100 
ml of a 2% solution of sodium chloride in deionized water 
are added. The addition to this reaction mixture of 800 
ml of acetone causes the formation of a precipitate, 
which is filtered and washed three times with 100 ml of 
acetone and then vacuum-dried for 24 hours at 30°C. 
[0092] 5.4 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed by analysing the amino acid content after 
acid hydrolysis in 6N hydrochloric acid (amino acid anal- 
ysis). 

Example 24 

Synthesis of a peptide derivative of HYAFF 11p75 
containing a peptide having the seguence Gly-Arq- 
Gly-Asc-Ser-Tyr- -25% of the carboxy functions are 
transformed into amides of hyaluronic acid with the 



peptide - 75% of the carboxy functions are esterif ied 
with benzyl alcohol 

[0093] 4.8 grams of the active ester obtained as in Ex- 
5 ample 11 corresponding to 10 mEq of a monomeric unit 
are solubilized in 240 ml of N-methylpyrrolidone at 25°C. 
To this solution are added, with stirring, 1 .85 grams of a 
peptide having the sequence Gly-Arg-Gly-Asp-Ser-Tyr 
(2.5 mEq) solubilized in 10 ml of N-methylpyrrolidone. 
The mixture is stirred for 2 hours and then 100 ml of a 
2% solution of sodium chloride in deionized water are 
added. The addition to this reaction mixture of 800 ml of 
acetone causes the formation of a precipitate, which is 
filtered and washed three times with 100 ml of acetone 
and then vacuum-dried for 24 hours at 30° C, 
[0094] 5.0 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed by analysing the amino acid content after 
acid hydrolysis in 6N hydrochloric acid (amino acid anal- 
ysis). 

Example 25 

Synthesis of a peptide derivative of HYAFF 7p50 
containing a peptide having the seguence Gly-Arg- 
Gly-Asp-Val-Tyr -50% of the carboxy functions are 
transformed into amides of hyaluronic acid with the 
peptide -50% of the carboxy functions are esterif ied 
with ethyl alcohol 

[0095] 4.95 grams of the active ester obtained as in 
Example 10 corresponding to 10 mEq of a monomeric 
unit are solubilized in 250 ml of N-methylpyrrolidone at 
25°C. To this solution are added, with stirring, 3.765 
grams of a peptide having the sequence Gly-Arg-Gly- 
Asp-Val-Tyr (5 mEq) solubilized in 20 ml of N-methyl- 
pyrrolidone. The mixture is stirred for 2 hours and then 
100 ml of a 2% solution of sodium chloride in deionized 
water are added. The addition to this reaction mixture 
of 800 ml of acetone causes the formation of a precipi- 
tate, which is filtered and washed three times with 100 
ml of acetone and then vacuum-dried for 24 hours at 
30°C. 

[0096] 5.1 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed by analysing the amino acid content after 
acid hydrolysis in 6N hydrochloric acid (amino acid anal- 
ysis). 

Example 26 

Preparation of a partial thiof uran thioester of 
hyaluronic acid sodium salt - 10% of the carboxy 
groups are involved in theformation of the thioester 
55 -90% of the carboxy groups are salif ied with sodium 

[0097] 6.13 grams of the active ester obtained as in 
Example 2 corresponding to 10 mEq of a monomeric 
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unit are solubilized in 305 ml of N-methylpyrrolidone at 
25°C. To this solution are added, with stirring, 79.4 ml 
of thiofuran. The mixture is stirred for 2 hours and then 
100 ml of a 2% solution of sodium chloride in deionized 
water is added. The addition to this reaction mixture of 
800 ml of acetone causes the formation of a precipitate, 
which is filtered and washed three times with 100 ml of 
acetone and then vacuum-dried for 24 hours at 30°C. 
[0098] 6.3 grams of the desired product are thus ob- 
tained. Quantitative determination of the amide groups 
is performed by analysing the thiofuran content after ba- 
sic hydrolysis. 

Example 27 

Sponges 

[0099] One gram of the heptyl amide of HA with a mo- 
lecular weight of 200 Kda, wherein the carboxy groups 
are employed in the substitution reaction, are dissolved 
in 10 ml of dimethylsulfoxide. The solution is homoge- 
nized to form a mixture containing 30 grams of NaCI, 
1.3 grams of bicarbonate of soda and 1 gram of citric 
acid. 

[0100] Once the final mixture is completely homoge- 
nized, it is passed between two rollers placed at a suit- 
able distance from one another and turning in opposite 
directions. A layer of material is obtained by passing the 
mixture between them on a silicone support. The layer 
is then cut to the desired dimensions and the silicone 
support is removed. The layer is washed thoroughly with 
water and dried. It can then be sterilized with gamma 
rays. 

Example 28 
Films 

[0101] A solution is prepared by solubilizing the N- 
benzyl amide of HA in dimethylsulfoxide at a concentra- 
tion of 180 mg/ml. 

[0102] By means of a stratifier, a thin layer of solution 
is spread on a glass sheet; the thickness must be 10 
times greater than the final thickness of the film. The 
glass sheet is immersed in ethanol, which absorbs the 
dimethylsulfoxide, but which does not solubilize the HA 
N-benzyl amide, which becomes solid. The film is de- 
tached from the glass sheet, repeatedly washed with 
ethanol, then with water, and then again with ethanol. 
[0103] The resulting sheet is dried in a press for 48 
hours at 30°C. 

[0104] The invention being thus described, it is obvi- 
ous that the same can be modified in various ways. Such 
modifications are not to be considered as departures 
from the spirit and scope of the present invention, and 
any modifications that would appear obvious to one 
skilled in the art are to be considered as coming within 
the scope of the following claims. 



Claims 

1. An active ester' of a carboxy polysaccharide or a 
semisynthetic derivative of a carboxy polysaccha- 

s ride, 

wherein all or part of the carboxy groups thereof 
are esterified with an alcohol selected from the 
group consisting of an aromatic alcohol, a sub- 
10 stituted aromatic alcohol, an aromatic hetero- 

cyclic alcohol, a substituted aromatic heterocy- 
clic alcohol, an N-hydroxylamine, and a combi- 
nation thereof, 

wherein when only part of the carboxy groups 
15 of said carboxy polysaccharide or said semi- 

synthetic derivative of said carboxy polysac- 
charide are esterified, the remaining carboxy 
groups are salified with a member selected 
from the group consisting of a quaternary am- 
20 monium salt, an alkaline metal, an alkaline 

earth metal, and a combination thereof. 

2. The active ester according to claim 1 , wherein said 
alcohol is an aromatic alcohol. 

25 

3. The active ester according to claim 2^-wherein said 
aromatic alcohol is a substituted aromatic alcohol. 

4. The active ester according to claim 3, wherein said 
30 substituted aromatic alcohol is selected from the 

group consisting of a fluoro-substituted aromatic al- 
cohol, a chloro substituted aromatic alcohol, and a 
nitro-substituted aromatic alcohol. 

35 5. The active ester according to claim 4, wherein said 
substituted aromatic alcohol is selected from the 
group consisting of pentafluorophenol, pentachlo- 
rophenoi, 4-nitrophenol, and a combination thereof. 

40 6. The active ester according to claim 1 , wherein said 
alcohol is an aromatic heterocyclic alcohol. 

7. The active ester according to claim 6, wherein said 
aromatic heterocyclic alcohol is selected from the 

45 group consisting of a benzotriazoiine alcohol, a thi- 
ophene alcohol, a hydroxypyridine alcohol, a pyra- 
zoline alcohol, and a combination thereof. 

8. The active ester according to claim 6, wherein said 
50 aromatic heterocyclic alcohol is selected from the 

group consisting of 2-hydroxypyridine, 3-hydrox- 
ypyrid ine, 3,4-dihydro-4-oxobenzotriazine-3-ol, 

4- hydroxy-2,5-diphenyl-3(2H)thiophenone-1 ,1 -di- 
oxide, 3-phenyl-1 -(p-nitrophenyl)-2-pyrazoline- 

55 5-one, 3-methyl-1 -(p-nitropheny l)-2-pyrazoline- 

5- one, and a combination thereof. 

9. The active ester according to claim 1 , wherein said 
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alcohol is an N-hydroxylamine. 

10. The active ester according to claim 9, wherein said 
N-hydroxylamine is selected from the group con- 
sisting of N-hydroxysuccinimide, N-hydroxyph- 5 
thalimide, and a combination thereof. 

11 . The active ester according to claim 1 , wherein said 
quaternary ammonium salt is a tetraalkylammoni- 

um salt. 10 

1 2. The active ester according to claim 1 1 ; wherein said 
tetraalkylammonium salt is a tetrabutylammonium 
salt. 

is 

1 3. The active ester according to claim 1 , wherein said 
carboxy polysaccharide or semisynthetic derivative 
thereof is selected from the group consisting of a 
glycosaminoglycan, alginic acid, gellan, car- 
boxymethylcellulose, carboxymethylchitin, and a 20 
partial ester thereof. 

14. The active ester according to claim 1 , wherein said 
glycosaminoglycan is hyaluronic acid. 

25 

15. The active ester according to claim 1, wherein said 
active ester is synthesized from a tetrabutylammo- 
nium salt selected from the group consisting of the 
tetrabutylammonium salt of a glycosaminoglycan, 
the tetrabutylammonium salt of alginic acid, the 30 
tetrabutylammonium salt of gellan, the tetrabuty- 
lammonium salt of carboxymethylcellulose, and the 
tetrabutyl ammonium salt of carboxymethylchitin. 

16. The active ester according to claim 1 , wherein said 35 
semisynthetic derivative of said carboxy polysac- 
charide is a partial ester of said carboxy polysac- 
charide. 

17. The active ester according to claim 1 6, where in said 40 
partial ester is an ester with an alcohol selected 
from the group consisting of an aliphatic alcohol, an 
araliphatic alcohol, a cycloaliphatic alcohol, a hete- 
rocyclic alcohol, and a combination thereof. 

45 

1 8. The active ester according to claim 1 7, wherein said 
aliphatic alcohol contains between 2 and 34 carbon 
atoms. 

1 9. The active ester according to claim 1 7, wherein said 50 
partial ester is an ester with ethyl alcohol. 

20. The active ester according to claim 1 7, wherein said 
partial ester is an ester with an araliphatic alcohol. 

55 

21 . The active ester according to claim 20, wherein said 
araliphatic alcohol is benzyl alcohol. 



22. An active ester according to claim 1 , selected from 
the group consisting of a pentafluorophenyl ester of 
hyaluronic acid with 5 % of its carboxy groups in- 
volved in the formation of the active ester and 
wherein the remaining 95 % of the carboxy groups 
are salified with tetrabutylammonium; a pentafluor- 
ophenyl ester of hyaluronic acid with 1 0% of its car- 
boxy groups involved in the formation of the active 
ester and wherein the remaining 90 % of the car- 
boxy groups are salified with tetrabutylammonium ; 
a pentafluorophenyl ester of hyaluronic acid with 25 
% of its carboxy groups involved in the formation of 
the active ester and wherein the remaining 75 % of 
the carboxy group are salified with 
tetrabutylammonium ; a pentafluorophenyl ester of 
hyaluronic acid with 50 % of its carboxy groups in- 
volved in the formation of the active ester and 
wherein the remaining 50 % of the carboxy groups 
are salified with tetrabutylammonium ; a pentafluor- 
ophenyl ester of hyaluronic acid with 75 % of its car- 
boxy groups involved in the formation of the active 
ester and wherein the remaining 25 % of the car- 
boxy groups are salified with tetrabutylammonium; 
a pentafluorophenyl ester of hyaluronic acid with 
TOO % of its carboxy groups involved in the forma- 
tion of the active ester; a 4-nitrophenyJ»ester of hy- 
aluronic acid with 25 % of its carboxy groups in- 
volved in the formation of the active ester and 
wherein the remaining 75 % of the carboxy groups 
are salified with tetrabutylammonium ; a 2,5-diphe- 
nyl-thiophene-4-yl-3(2H)-one 1,1 -dioxide ester of 
hyaluronic acid with 50 % of its carboxy groups in- 
volved in the formation of the active ester and 
wherein the remaining 50 % of the carboxy groups 
are salified with tetrabutylammonium ; a pentafluor- 
ophenyl ester of alginic acid with 20 % of its carboxy 
groups involved in the formation of the active ester 
and wherein the remaining 80 % of the carboxy 
groups are salified with tetrabutylammonium; a 
pentafluorophenyl ester of the ethyl ester of hy- 
aluronic acid p50 with 25 % of its carboxy groups 
involved in the formation of the active ester and 
wherein 50 % of the carboxy groups are esterified 
with ethanol and the remaining 25 % of the carboxy 
groups are salified with tetrabutylammonium ; and 
a pentafluorophenyl ester of the benzyl ester of hy- 
aluronic acid p75 wherein 25 % of the carboxy 
groups are involved in the formation of the active 
ester and the remaining 75 % of the carboxy groups 
are esterified with benzyl alcohol. 

23. A process for producing an active ester according 
to claim 1, comprising reacting a tetraalkylammoni- 
um salt of said carboxy polysaccharide or said sem- 
isynthetic derivative of said carboxy polysaccharide 
with a reactive derivative of an alcohol to be bound 
to the carboxyl groups thereof in an aprotic solvent 
at a temperature of between 0 and 60°C. 
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24. The process according to claim 23, wherein said re- 
active derivative of an alcohol is selected from the 
group consisting of a triftuoroacetate, a carbonate, 
an oxalate, a sulfite, and a phosphite of said alcohol. 

5 

25. The process according to claim 23, wherein said re- 
active derivative of an alcohol is a member selected 
from the group consisting of 4-nitrophenyl trifluoro- 
acetate, pentafluorophenyl trifluoroacetate, di-pen- 
tafluorophenyl sulfite, Di-(N-succinimidyl) carbon- 10 
ate, and 4,6-diphenylthiene[3,4-d]-1 ,3-dioxol-2-one 
5,5dioxide. 

26. The process according to claim 23, wherein said 
aprotic solvent is selected from the group consisting 
of dimethy (sulfoxide, N-methylpyrrolidone, and N, 
N -dimethy If ormam ide . 

27. The process according to claim 23, wherein said 
tetraalkylammonium salt is a tetrabutylammonium 20 
salt. 

28. Use of said active ester according to claim 1 for the 
preparation of a modified carboxy polysaccharide 

or a modified semisynthetic derivative of a carboxy 25 
polysaccharide. 

29. Use of said active ester according to claim 28, 
wherein said modified carboxy polysaccharide or 
said modified semisynthetic derivative of a carboxy 30 
polysaccharide is an ester, thioester, or amide. 

30. Use of said active ester according to claim 29, 
wherein said amide is formed by reaction of said 
active ester of said carboxy polysaccharide or said 55 
semisynthetic derivative of said carboxy polysac- 
charide with a member selected from the group con- 
sisting of an amine, an amino acid, a peptide, and 

a protein. 

40 

31. Use of said active ester according to claim 30, 
wherein said amine is selected from the group con- 
sisting of a primary amine, an aliphatic amine, an 
araliphatic amine, a substituted aliphatic amine, 
and a substituted araliphatic amine. 4S 

32. Use of said active ester according to claim 30, 
wherein said amino acid, peptide, or protein is bio- 
logically active. 

so 

33. Use of an active ester according to claim 1 for the 
preparation of an amide derivative of hyaluronic ac- 
id selected from the group consisting of: 

an N-ethyl amide of hyaluronic acid with 10 % 55 
of its carboxy groups involved in the formation 
of the amide and the remaining 90 % of its car- 
boxy groups salified with sodium ; 



an N-benzyl amide of hyaluronic acid with 50 
% of its carboxy groups involved in the forma- 
tion of the amide and the remaining 50 % of its 
carboxy groups salified with sodium ; 
an amide derivative of hyaluronic afCid with ar- 
ginine wherein 1 00 % of the carboxy groups are 
involved in the formation of the amide ; 
a peptide derivative of the 50 % ethyl ester of 
hyaluronic acid with a peptide inhibitor of the 
fraction of fibronectin having the sequence H- 
Arg-Gly-Asp-OH with 50 % of its carboxy func- 
tions esterified with ethanol, 25 % of its carboxy 
functions involved in the formation of the amide 
with the peptide, and the remaining 25 % of its 
carboxy functions salified with sodium ; and 
a peptide derivative of the benzyl ester of hy- 
aluronic acid p75 with a peptide inhibitor of fi- 
brinolysis having the sequence H-Gly-Pro-Arg- 
OH with 75 % of its carboxy functions esterified 
with benzyl alcohol and 25 % of its carboxy 
functions involved in the formation of the amide 
with the peptide, comprising reacting an active 
ester of a carboxy polysacchride or an active 
ester of a semisynthetic derivative of a carboxy 
polysaccharide with an amine, an amino acid, 
a peptide, or a protein in an aprotic solvent at 
a temperature of between 0 and 60° C. 

34. Use of an active ester according to any one of 
claims 1-22 for the preparation of articles useful in 
the biomedical and pharmaceutical fields. 

35. Use according to claim 34 for the preparation of cos- 
metic articles, health care articles, surgical articles, 
and diagnostic kits. 

36. Use according to claim 35, to prepare microcap- 
sules, microspheres, threads, films, gauzes, and 
sponges. 

37. Use according to any one of claims 34-36 for the 
preparation of articles useful in tissue repair. 

38. Use according to any one of claims 34-37 in a con- 
trolled release system for a biologically or pharma- 
cologically active substance, wherein said sub- 
stance is selected from the group consisting of an 
amino acid, a peptide, and a protein. 

39. Use of an active ester according to claims 34 to 38, 
said preparation including the preparation of an 
amide derivative as defined in claim 33. 



Patentanspruche 

1 . Aktiver Ester eines Carboxypolysaccharids Oder ei- 
nes halbsynthetischen Derivats eines Carboxypo- 
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lysaccharids, 

wobei aile Oder ein Teil der Carboxylgruppen 
davon mit einem Alkohol verestert sind, ausge- 
wahlt aus einem aromatischen Alkohol, einem 
substituierten aromatischen Alkohol, einem 
aromatischen heterocyclischen Alkohol, einem 
substituierten aromatischen heterocyclischen 
Alkohol, einem N-Hydroxylamin und einer 
Kombination davon, 

wobei, wenn nur ein Teil der Carboxylgruppen 
des Carboxypolysaccharids oder des halbsyn- 
thetischen Derivats des Carboxypolysaccha- 
rids verestert ist, die restlichen Carboxylgrup- 
pen mit einem quartaren Ammoniumsalz, ei- 
nem Alkalimetall, einem Erdalkalimetall oder 
einer Kombination davon ein Salz bilden. 

2. Aktiver Ester nach Anspruch 1 , wobei der Alkohol 
ein arornatischer Alkohol ist. 

3. Aktiver Ester nach Anspruch 2, wobei der aromati- 
sche Alkohol ein substituierter arornatischer Alko- 
hol ist. 

4. Aktiver £ster nach Anspruch 3, wobei der substitu- 
ierte aromatische Alkohol ausgewahlt ist aus einem 
Fluor-substituierten aromatischen Alkohol, einem 
Chlor-substituierten aromatischen Alkohol und ei- 
nem Nitro-substituierten aromatischen Alkohol. 

5. Aktiver Ester nach Anspruch 4, wobei der substitu- 
ierte aromatische Alkohol ausgewahlt ist aus Pen- 
tafluorphenol, Pentachlorphenol, 4-Nitrophenol 
und einer Kombination davon. 

6. Aktiver Ester nach Anspruch 1, wobei der Alkohol 
ein arornatischer heterocyciischer Alkohol ist. 

7. Aktiver Ester nach Anspruch 6, wobei der aromati- 
sche heterocyclische Alkohol ausgewahlt ist aus ei- 
nem Benzotriazolinalkohol, einem Thiophenalko- 
hol, einem Hydroxypyridinalkohol, einem Pyrazoli- 
nalkohol und einer Kombination davon. 

8. Aktiver Ester nach Anspruch 6, wobei der aromati- 
sche heterocyclische Alkohol ausgewahlt ist aus 
2-Hydroxypyridin, 3-Hydroxypyridin, 3,4-Dihydro- 
4-oxobenzotriazin-3-ol, 4-Hydroxy-2,5-diphenyl-3 
(2H)thiophenon-1,1-dioxid, 3-Phenyl-1-(p-nitro- 
phenyl)-2-pyrazolin-5-on, 3-Methyl-1 -(p-nitrophe- 
nyl)-2-pyrazolin-5-on und einer Kombination da- 
von. 

9. Aktiver Ester nach Anspruch 1, wobei der Alkohol 
ein N-Hydroxylamin ist. 

10. Aktiver Ester nach Anspruch 9, wobei das N-Hydro- 



xylamin ausgewahlt ist aus N-Hydroxysuccinimid, 
N-Hydroxyphthalimid und einer Kombination da- 
von. 

s 11. Aktiver Ester nach Anspruch 1 , wobei das quartare 
Ammoniumsalz ein Tetraalkylamrnoniumsalz ist. 

1 2. Aktiver Ester nach Anspruch 1 1 , wobei das Tetraal- 
kylamrnoniumsalz ein Tetrabutylammoniumsalz ist. 

10 

1 3. Aktiver Ester nach Anspruch 1 , wobei das Carboxy- 
polysaccharid oder das halbsynthetische Derivat 
davon ausgewahlt ist aus einem Glycosaminogly- 
can, Alginsaure, Gellan, Carboxymethylcellulose, 
Carboxymethylchitin und einem Teilester davon. 

14. Aktiver Ester nach Anspruch 1 , wobei das Glycos- 
aminoglycan Hyaluronsaure ist. 

20 15. Aktiver Ester nach Anspruch 1, wobei der aktive 
Ester aus einem Tetrabutylammoniumsalz synthe- 
tisiert wird, ausgewahlt aus dem Tetrabutylammo- 
niumsalz eines Glycosaminoglycans, dem Tetrabu- 
tylammoniumsalz von Alginsaure, dem Tetrabutyl- 

25 ammoniumsalz von Gellan, dem Tetrabutylammo- 
niumsalz von Carboxymethylcellulose und dem Te- 
trabutylammoniumsalz von Carboxymethylchitin. 

16. Aktiver Ester nach Anspruch 1 , wobei das halbsyn- 
30 thetische Derivat des Carboxypolysaccharids ein 

Tqilester des Carboxypolysaccharids ist. 

17. Aktiver Ester nach Anspruch 16, wobei der Teilester 
ein Ester mit einem Alkohol ist, ausgewahlt aus ei- 

55 nem aliphatischen Alkohol, einem araliphatischen 
Alkohol, einem cycloaliphatischen Alkohol, einem 
heterocyclischen Alkohol und einer Kombination 
davon. 

^0 18. Aktiver Ester nach Anspruch 17, wobei der alipha- 
tische Alkohol 2 bis 34 Kohlenstoffatome enthalt. 

19. Aktiver Ester nach Anspruch 17, wobei der Teilester 
ein Ester mit Ethylalkohol ist. 

45 

20. Aktiver Ester nach Anspruch 17, wobei der Teilester 
ein Ester mit einem araliphatischen Alkohol ist. 

21. Aktiver Ester nach Anspruch 20, wobei der arali- 
50 phatische Alkohol Benzylalkohol ist. 

22. Aktiver Ester nach Anspruch 1 , ausgewahlt aus ei- 
nem Pentafluorphenylester von Hyaluronsaure, 
wobei 5% seiner Carboxylgruppen bei der Bildung 

55 , des aktiven Esters beteiligt sind und wobei die rest- 
lichen 95% der Carboxylgruppen mit Tetrabutylam- 
monium ein Salz bilden; einem Pentafluorphenyle- 
ster von Hyaluronsaure, wobei 10% seiner Car- 
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boxylgruppen bei der Bildung des aktiven Esters 
beteiligt sind und wobei die restlichen 90% der Car- 
boxylgruppen mit Tetrabutylammonium ein Salz bil- 
den; einem Pentafluorphenylester der Hyaluron- 
saure, wobei 25% seiner Carboxylgruppen an der 
Bildung des aktiven Esters beteiligt sind und wobei 
die restlichen 75% der Carboxylgruppen mit Tetra- 
butylammonium ein Salz bilden; einem Pentafluor- 
phenylester von Hyaluronsaure, wobei 50% seiner 
Carboxylgruppen an der Bildung des aktiven Esters 
beteiligt sind und wobei die restlichen 50% der Car- 
boxylgruppen mit Tetrabutylammonium ein Salz bil- 
den; einem Pentafluorphenylester von Hyaluron- 
saure, wobei 75% seiner Carboxylgruppen an der 
Bildung des aktiven Esters beteiligt sind und wobei 
die restlichen 25% der Carboxylgruppen mit Tetra- 
butylammonium ein Salz bilden; einem Pentafluor- 
phenylester von Hyaluronsaure, wobei 100% seiner 
Carboxylgruppen an der Bildung des aktiven Esters 
beteiligt sind; einem 4-Nitrophenylester von Hyalu- 
ronsaure, wobei 25% seiner Carboxylgruppen an 
der Bildung des aktiven Esters beteiligt sind und 
wobei die restlichen 75% der Carboxylgruppen mit 
Tetrabutylammonium ein Salz bilden; einem 
2,5-Diphenyl-thiophen-4-yl-3(2H)-on-1 , 1 -dioxide- 
ster von Hyaluronsaure, wobei 50% seiner Car- 
boxylgruppen an der Bildung des aktiven Esters be- 
teiligt sind und wobei die restlichen 50% der Car- 
boxylgruppen mit Tetrabutylammonium ein Salz bil- 
den; einem Pentafluorphenylester von Alginsaure, 
wobei 20% seiner Carboxylgruppen an der Bildung 
des aktiven Esters beteiligt sind und wobei die rest- 
lichen 80% der Carboxylgruppen mit Tetrabutylam- 
monium ein Salz bilden; einem Pentafluorphenyle- 
ster des Ethylesters von Hyaluronsaure p50, wobei 
25% seiner Carboxylgruppen an der Bildung des 
aktiven Esters beteiligt sind und wobei 50% der 
Carboxylgruppen mit Ethanol verestert sind und 
wobei die restlichen 25% der Carboxylgruppen mit 
Tetrabutylammonium ein Salz bilden; und einem 
Pentafluorphenylester des Benzylesters von Hyalu- 
ronsaure p75, wobei 25% der Carboxylgruppen an 
der Bildung des aktiven Esters beteiligt sind und die 
restlichen 75% der Carboxylgruppen mit Benzylal- 
kohol verestert sind. 

23. Verfahren zur Herstellung eines aktiven Esters 
nach Anspruch 1 , umfassend die Umsetzung eines 
Tetraalkylammoniumsalzes des Carboxypolysac- 
charids oder des halbsynthetischen Derivats des 
Carboxypolysaccharids mit einem reaktiven Deri- 
vat eines Alkohols, der an die Carboxylgruppen ge- 
bunden werden soli, in einem aprotischen Losungs- 
mittel bei einer Temperatur von 0 bis 60°C. 

24. Verfahren nach Anspruch 23, wobei das reaktive 
Derivat eines Alkohols ausgewahlt ist aus einem 
Trifluoracetat, einem Carbonat, einem Oxalat, ei- 



nem Sulfit und einem Phosphit des Alkohols. 

25. Verfahren nach Anspruch 23, wobei das reaktive 
Derivat eines Alkohols ausgewahlt ist aus 4-Nitro- 
5 phenyltrifluoracetat, Pentafluorphenyltrifluoracetat, 
Di-pentafluorphenylsulfit, Di-(N-succinimidyI)car- 
bonat und 4,6-Diphenylthien[3,4-d]-1 ,3-dioxol- 
2-on-5,5-dioxid. 

10 26. Verfahren nach Anspruch 23, wobei das aprotische 
Losungsmittel ausgewahlt ist aus Dimethylsulfoxid, 
N-Methylpyrrolidon und N,N-Dimethylformamid. 

27. Verfahren nach Anspruch 23, wobei das Tetraalkyl- 
15 ammoniumsalz ein Tetrabutylammoniumsalz ist. 

28. Verwendung des aktiven Esters nach Anspruch 1 
fur die Herstellung eines modifizierten Carboxypo- 
lysaccharids oder eines modifizierten halbsyntheti- 

20 schen Derivats eines Carboxypolysaccharids. 

29. Verwendung des aktiven Esters nach Anspruch 28, 
wobei das modifizierte Carboxypolysaccharid oder 
das modifizierte halbsynthetische Derivat eines 

25 Carboxypolysaccharids ein Ester, Thioester oder 
Amid ist. + 

30. Verwendung des aktiven Esters nach Anspruch 29, 
wobei das Amid durch Umsetzung des aktiven 

30 Esters des Carboxypolysaccharids oder des halb- 
synthetischen Derivats des Carboxypolysaccharids 
mit einem Amin, einer Aminosaure, einem Peptid 
oder einem Protein erzeugt wird. 

35 31 . Verwendung des aktiven Esters nach Anspruch 30, 
wobei das Amin ausgewahlt ist aus einem primaren 
Amin, einem aliphatischen Amin, einem araliphati- 
schen Amin, einem substituierten aliphatischen 
Amin und einem substituierten araliphatischen 

40 Amin. 

32. Verwendung des aktiven Esters nach Anspruch 30, 
wobei die Aminosaure, das Peptid oder das Protein 
biologisch aktiv sind. 

45 

33. Verwendung eines aktiven Esters nach Anspruch 1 
fur die Herstellung eines Amidderivats von Hyalu- 
ronsaure, ausgewahlt aus: 

so einem N-Ethylamid von Hyaluronsaure, wobei 

10% seiner Carboxylgruppen an der Bildung 
des Amids beteiligt sind und die restlichen 90% 
seiner Carboxylgruppen mit Natrium ein Salz 
bilden; 

55 einem N-Benzylamid von Hyaluronsaure, wo- 

bei 50% seiner Carboxylgruppen an der Bil- 
dung des Amids beteiligt sind und die restlichen 
50% seiner Carboxylgruppen mit Natrium ein 
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Salz bilden; 

einem Amidderivat von Hyaluronsaure mit Ar- 
ginin, wobei 100%der Carboxy Igruppen an der 
Bildung des Amids beteiligt sind; 
einem Peptidderivat des 50%-igen Ethylesters 
von Hyaluronsaure mit einem Peptidinhibitor 
der Fraktion von Fibronectin mit der Sequenz 
H-Arg-Gly-Asp-OH, wobei 50% seiner Car- 
boxylfunktionen mit Ethanol verestert sind, 
25% seiner Carboxylfunktionen an der Bildung 
des Amids mit dem Peptid beteiligt sind und die 
restlichen 25% seiner Carboxylfunktionen mit 
Natrium ein Salz bilden; und 
einem Peptidderivat des Benzylesters von 
Hyaluronsaure p75 mit einem Peptidinhibitor 
der Fibrinolyse mit der Sequenz H-Gly-Pro- 
Arg-OH, wobei 75% seiner Carboxylfunktionen 
mit Benzylalkohol verestert sind und 25% sei- 
ner Carboxylfunktionen an der Bildung des 
Amids mit dem Peptid beteiligt sind, umfassend 
die Umsetzung eines aktiven Esters eines Car- 
boxypolysaccharids Oder eines aktiven Esters 
eines halbsynthetischen Derivats eines Car- 
boxypolysaccharids mit einem Amin, einer 
Aminosaure, einem Peptid oder einem Protein 
in einem aprotischen Losungsmittel bei einer 
Temperatur von 0 bis 60°C. 

34. Verwendung eines aktiven Esters nach einem der 
Anspruche 1 bis 22 fur die Herstellung von Artikeln, 
die auf biomedizinischem und pharmazeutischem 
Gebiet wertvoll sind. 

35. Verwendung nach Anspruch 34 fur die Herstellung 
von kosmetischen Artikeln, Gesundheitsartikeln, 
chirurgischen Artikeln und diagnostischen Kits. 

36. Verwendung nach Anspruch 35 zur Herstellung von 
Mikrokapseln, von Mikrokugeichen, Faden, Folien, 
Gazen und Schwammen. 

37. Verwendung nach einem der Anspruche 34 bis 36 
fur die Herstellung von Artikeln, die bei der Gewe- 
bewiederherstellung nutzlich sind. 

38. Verwendung nach einem der Anspruche 34 bis 37 
in ein System zur kontrollierten Freisetzung fur ei- 
nen biologisch oder pharmakologisch wirksamen 
Stoff , wobei der Stoff ausgewahlt ist aus einer Ami- 
nosaure, einem Peptid und einem Protein. 

39. Verwendung eines aktiven Esters nach Anspruch 
34 bis 38, wobei die Herstellung eines Amidderivats 
gema3 der Definition in Anspruch 33 umfaGt. 



Revendicatlons 

1 . Ester actif d'un carboxy-polysaccharide ou d'un de- 
rive semi-synth6tique d'un carboxy-polysacchari- 
s de, 



dans lequel tous ou une partie des groupes car- 
boxy sont esteriftes par un alcool choisi dans 
I'ensemble consistant en un alcool aromatique, 

10 un alcool aromatique substitu6, un alcool hete- 

rocyclique aromatique, un alcool h6t6rocycli- 
que aromatique substitue, une N-hydroxylami- 
ne, et une combinaison de ceux-ci, 
dans lequel seulement une partie des groupes 

75 carboxy dudit carboxy-polysaccharide ou dudit 

derive semi-synthetique dudit carboxy-poly- 
saccharide sont est6rifi6s, les autres groupes 
carboxy 6tant salifi6s par un compost choisi 
dans I'ensemble consistant en un sel d'ammo- 

20 nium quaternaire, un m6tal alcalin, un m6tal al- 

calino-terreux, et une combinaison de ceux-ci. 

2. Esteractif selon la revendication 1 . dans lequel ledit 
alcool est un alcool aromatique. 

25 

3. Esteractif selon la revendication 2, dans lequel ledit 
alcool aromatique est un alcool aromatique substi- 
tue. 

30 4. Esteractif selon la revendication 3, dans lequel ledit 
alcool aromatique substitue est choisi dans Pen- 
semble consistant en un alcool aromatique fluoro- 
substitue, un alcool aromatique chloro-substitue, et 
un alcool aromatique nitro-substitue. 

35 

5. Esteractif selon la revendication 4, dans lequel ledit 
alcool aromatique substitue est choisi dans I'en- 
semble consistant en pentafluorophenol, penta- 
chloroph^nol, 4-nitrophenol, et une combinaison de 

to ceux-ci. 

6. Esteractif selon la revendication 1 , dans lequel ledit 
alcool est un alcool heterocyclique aromatique. 

4$ 7. Esteractif selon la revendication 6, dans lequel ledit 
alcool heterocyclique aromatique est choisi dans 
I'ensemble consistant en un alcool benzotriazoline, 
un alcool thiophdne, un alcool hydroxypyridine, un 
alcool pyrazoline et une combinaison de ceux-ci. 

50 

8. Ester actif selon la revendication 6, dans lequel ledit 
alcool heterocyclique aromatique est choisi dans le 
groupe consitu6 du 2-hydroxypyridine, 3-hy- 
droxypyridine, 3,4-dihydro-4-oxobenzotriazine- 
55 3-ol, 4-hydroxy-2,5-diph6nyl-3(2H)thioph6none- 
1 ,1 -dioxyde, 3-phenyl-1 -(p-nitrophenyI)-2-pyrazoli- 
ne-5-one, 3-m6thyl-1-(p-nitro-phenyl)-2-pyrazoli- 
ne-5-one, et une combinaison de ceux-ci. 
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9. Ester actif selon la revendication 1 , dans lequel (edit 
alcool est une N-hydroxylamine. 

10. Ester actif selon la revendication 9, dans lequel la- 
dite N-hydroxylamine est choisie dans I'ensemble 
consistant en N-hydroxysuccinimide, N-hydroxyph- 
talimide, et une combinaison de ceux-ci. 

1 1 . Ester actif selon la revendication 1 , dans lequel ledit 
sel d'ammonium quaternaire est un sel de tetraalk- 
ylammonium. 

12. Ester actif selon la revendication 11 , dans lequel le- 
dit sel de tetraalkylammonium est un sel de tetra- 
butylammonium. 

1 3. Ester actif selon la revendication 1 , dans lequel ledit 
carboxy-polysaccharide ou son derive semi-syn- 
thetique est choisi dans ['ensemble consistant en 
un glycosaminoglycane, Tacide alginique, le gella- 
ne, la carboxymethylcellulose, la carboxymethyl- 
chitine, et un ester partiel de ceux-ci. 

1 4. Ester actif selon la revendication 1 , dans lequel ledit 
glycosaminoglycane est I'acide hyaluronique. 

1 5. Ester actif selon la revendication 1 , dans lequel ledit 
ester actif est synthetise a partir d'un sel de tetra- 
butylammonium choisi dans I'ensemble consistant 
en sel de tetrabutylammonium d'un glycosamino- 
glycane, sel de tetrabutylammonium d'acide algini- 
que, sei de tetrabutylammonium de gellane, sel de 
tetrabutylammonium de carboxymethylcellulose, et 
sel de tetrabutylammonium de carboxymethylchiti- 
ne. 

16. Ester actif selon la revendication 1, dans lequel le 
derive semi-synthetique dudit carboxy-polysaccha- 
ride est un ester partiel dudit carboxy-polysaccha- 
ride. 

1 7. Ester actif selon la revendication 1 6, dans lequel le- 
dit ester partiel est un ester avec un alcool choisi 
dans I'ensemble consistant en un alcool aliphati- 
que, un alcool araliphatique, un alcool cycloalipha- 
tique, un alcool heterocyclique, et une combinaison 
de ceux-ci. 

1 8. Ester actif selon la revendication 1 7, dans lequel le- 
dit alcool aliphatique contient entre 2 et 34 atomes 
de carbone. 

19. Ester actif selon la revendication 17, dans lequel le- 
dit ester partiel est un ester avec I'alcool ethylique. 

20. Ester actif selon la revendication 17, dans lequel le- 
dit ester partiel est un ester avec un alcool aralipha- 
tique. 



21. Ester actif selon la revendication 20, dans lequel le- 
dit alcool araliphatique est I'alcool benzylique. 

22. Ester actif selon la revendication 1 , choisi dans Ten- 
5 semble consistant en un ester pentafluorophenyli- 

que d'acide hyaluronique avec 5% de ses groupes 
carboxy impliques dans la formation de Tester actif 
et dans lequel les 95% restants des groupes car- 
boxy sont salifies avec du tetrabutylammonium ; un 

10 ester pentafluorophenylique d'acide hyaluronique 
avec 10% de ses groupes carboxy impliques dans 
la formation de Tester actif et dans lequel les 90% 
restants des groupes carboxy sont salifies avec du 
tetrabutylammonium ; un ester pentafluorophenyli- 

75 que d'acide hyaluronique avec 25% de ses groupes 
carboxy impliques dans la formation de Tester actif 
et dans lequel les 75% restants des groupes car- 
boxy sont salifies avec du tetrabutylammonium un 
ester pentafluorophenylique d'acide hyaluronique 

20 avec 50% de ses groupes carboxy impliques dans 
la formation de Tester actif et dans lequel les 50% 
restants des groupes carboxy sont salifies avec du 
tetrabutylammonium ; un ester pentafluoroprtenyli- 
que d'acide hyaluronique avec 75% de ses groupes 

25 carboxy impliques dans la formation de Tester actif 
et dans lequel les 25% restant des groupes carboxy 
sont salifies avec du tetrabutylammonium ; un ester 
pentafluorophenylique d'acide hyaluronique avec 
100% de ses groupes carboxy impliques dans la 

30 formation de Tester actif ; un ester 4-nitroprtenyli- 
que d'acide hyaluronique avec 25% de ses groupes 
carboxy impliques dans la formation de Tester actif 
et dans lequel 75% des groupes carboxy sont sali- 
fies avec du tetrabutylammonium ; un ester de 

35 1 ,1 -dioxyde de 2,5-diphenyl : thiophene-4-yl-3(2H)- 
one d'acide hyaluronique avec 50% de ses groupes 
carboxy impliques dans la formation de Tester actif 
et dans lequel les 50% restants des groupes car- 
boxy sont salifies avec du tetrabutylammonium ; un 

40 ester pentafluorophenylique d'acide alginique avec 
20% de ses groupes carboxy impliques dans la for- 
mation de Tester actif et dans lequel les 80% restant 
des groupes carboxy sont salifies avec du 
tetrabutylammonium ; un ester pentafluorophenyii- 

45 que de Tester ethylique d'acide hyaluronique p50 
avec 25% de ses groupes carboxy impliques dans 
la formation de Tester actif et dans lequel 50 % des 
groupes carboxy sont esterifies avec de Tethanol et 
les 25% restants de groupes carboxy sont salifies 

50 avec du tetrabutylammonium ; et un ester penta- 
fluorophenylique de Tester benzylique d'acide hya- 
luronique p75 dans lequel .25% des groupes car- 
boxy sont impliques dans la formation de Tester actif 
et les 75% restants de groupes carboxy sont este- 

55 rifies avec de Talcool benzylique. 

23. Procede de production d'un ester actif selon la re- 
vendication 1 , comprenant la reaction d'un sel de 
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t6traalkylammonium dudit carboxy-polysaccharide 
ou dudit d6riv6 semi-synth6tique dudit carboxy-po- 
lysaccharide avec un d£riv§ rtactif d'un alcool pour 
le lier aux groupes carboxyle dans un solvant apro- 
tique a une temperature comprise entre 0 et 60°C. 

24. Proc§d6 selon la revendication 23, dans lequel ledit 
d6riv6 reactif d'un alcool est choisi dans I'ensemble 
consistant en un trifluoroac£tate, un carbonate, un 
oxalate, un sulfite et un phosphite dudit alcool. 

25. Proc6d6 selon al revendication 23, dans lequel ledit 
derive reactif d'un alcool est un Element choisi dans 
I'ensemble consistant en trifluoroac§tate de 4-nitro- 
ph^nyle, trifluoroacdtate de pentafluorophenyle, 
sulfite de di-pentafluoroph6nyle, carbonate de di- 
(N-succinimidyl), et 5,5-dioxyde de. 4,6-diph6nyl- 
thfene[3,4-d]-1 ,3-dioxol-2-one. 

26. ProcSde selon la revendication 23, dans lequel ledit 
solvant aprotique est choisi dans I'ensemble con- 
sistant en dimethylsulfoxyde, N-m£thylpyrrolidone, 
et N,N-dim6thylformamide. 

27. ProcSde selon la revendication 23, dans lequel ledit 
^ sel de tetraalkylammonium est un sel de tetrabuty- 

lammonium. 

28. Utilisation dudit ester actif selon la revendication 1 
pour la preparation d'un carboxy-polysaccharide 
modifie ou d'un derive semi-synthetique modifie 
d'un carboxy-polysaccharide. 

29. Utilisation dudit ester actif selon la revendication 28, 
dans lequel ledit carboxy-polysaccharide modifie 
ou ledit derive semi-synthetique modifie d'un car- 
boxy-polysaccharide est un ester, un thioester, ou 
un amide. 

30. Utilisation dudit ester actif selon la revendication 29, 
dans lequel ledit amide est forme par reaction dudit 
ester actif dudit carboxy-polysaccharide ou dudit 
derive semi-synthetique dudit carboxy-polysaccha- 
ride avec un compost choisi dans I'ensemble con- 
sistant en une amine, un acide amine, un peptide, 
et une proline. 

31 . Utilisation dudit ester actif selon la revendication 30, 
dans lequel ladite amine est choisie dans I'ensem- 
ble consistant en une amine primaire, une amine 
aliphatique, une amine araliphatique, une amine ali- 
phatique substitute, et une amine araliphatique 
substitute. 

32. Utilisation dudit ester actif selon la revendication 30, 
dans laquelle ledit acide amine, peptide, ou protei- 
ne est biologiquement actif. 



33. Utilisation d'un ester actif selon la revendication 1 
pour la preparation d'un derive amide d'acide hya- 
luronique choisi dans I'ensemble consistant en : 

5 un N-ethylamide d'acide hyaluronique avec 

1 0% de ses groupes carboxy impliques dans la 
formation de I'amide et les 90% restants de ses 
groupes carboxy salifies avec du sodium ; 
un N-benzylamide d'acide hyaluronique avec 

1 ° 50% de ses groupes carboxy impliques dans la 

formation de I'amide et les 50% restants de ses 
groupes carboxy salifies avec du sodium ; 
un derive amide d'acide hyaluronique avec de 
Targinine dans lequel 100% des groupes car- 

15 boxy sont impliques dans la formation de 

Tamide ; 

un derive peptidique de Tester ethylique 50% 
d'acide hyaluronique avec un inhibiteur pepti- 
dique de la fraction de fibronectine ayant la s6- 

20 quence H-Arg-Gly-Asp-OH avec 50% de ses 

fbnctions carboxy esterifiees avec de Tethanol, 
25% de ses fonctions carboxy impliquees dans 
la formation de I'amide avec le peptide et les 
25% restant de ses fonctions carboxy salifiees 

25 avec du sodium ; et 

un derive peptidique de Tester benzylique d'aci- 
de hyaluronique p75 avec un inhibiteur peptidi- 
que de fibrinolyse ayant la sequence H-Gly- 
Pro-Arg-OH avec 75% de ses fonctions car- 

30 boxy esterifiees avec Talcool benzyl ique et 

25% de ses fonctions carboxy impliquees dans 
la formation de I'amide avec le peptide, com- 
prenant la reaction d'un ester actif d'un car- 
boxy-polysaccharide ou d'un ester actif d'un 

3 s derive semi-synthetique d'un carboxy-polysac- 

charide avec une amine, un acide amine, un 
peptide, ou une proteine dans un solvant apro- 
tique k une temperature comprise entre 0 et 
60°C. 

40 

34. Utilisation d'un ester actif selon Tune quelconque 
des revendication 1-22 pour la preparation d'arti- 
cles utiles dans le domaine biomedical et pharma- 
ceutique. 

45 

35. Utilisation selon la revendication 34 pour la prepa- 
ration d'articles cosmetiques, d'articles sanitaires, 
d'articles chirurgicaux, et de kits diagnostiques. 

so 36. Utilisation selon la revendication 35 pour preparer 
des micro-capsules, des microspheres, des fils, des 
gazes et des eponges. 

37. Utilisation selon Tune quelconque des revendica- 
55 tions 34-36 pour la preparation d'articles utiles dans 

la reparation tissulaire. 

38. Utilisation selon Tune quelconque des revendica- 
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tions 34-37 dans un systeme de liberation control6e 
pour une substance biologiquement ou pharmaco- 
logiquement active, dans lequel ladite substance 
est choisie dans I'ensemble consistant en un acide 
amine, un peptide et une proteine. s 

39. Utilisation d'un ester actif selon les revendications 
34 k 38, ladite preparation incluant la preparation 
d'un derive amide tel que revendjque dans la reven- 
dication 33. 10 
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